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. SUBTERRANEAN CAVITY CHIMNEY
DEVELOPMENT FOR CONNECTING SOLUTION
. ~ MINED CAVITIES.

ThlS mventlen relates to a method of connecting
‘subterranean solution mined cavities and more particu-
larly relates to developmg a chimney in the cavities to
aid in the connection and even more partlcularly relates
‘to connecting the eavltles ina stratum contammg potas-
- sium chloride. |

 Potassium chloride usually occurs in mmeral deposus
'closely associated ‘with sodium chloride. Often, potas-
sium chloride exists in a mixture or in combination with

sodium chloride in the form of a salt deposit having a

plurality of strata of various potaSsium‘ chloride to so-

dium chloride ratios. A typical potassium chloride-rich
‘stratum may contain from about 15 to about 60 percent
or more by weight potassium chloride, based on the

~ total weight of potassmm chloride and sodium chlonde
- 1n the stratum. -

" These mineral deposits usually contain other sub-

stances such as clay, sulfates and chlorides of calcium

and magnesmm, and the like. However, these salts are

~often found in small quantities, e.g., up to about 15
weight percent, but most frequently about 1 to 2 per-
cent. These deposits are also usually very deep, e. g

- greater than about 700 meters deep, and can be found in.

New Mexico, Utah northern United States, Canada as
well as other parts of the world.

| immedlately above another stratum lean as to potassium

4, 290 650

P .
n. the potassmm chlonde lean, sodium CthI‘ldE-I‘lCh |
stratum where dissolving rates are rapid. A relatively

large cavity is created before raising the roof into the

- potassium -chloride-rich ‘stratum, Thus, crystals that

10

may form from intrinsic crystallization and crystals of

" insoluble impurities can settle to the bottom of the cav-

ity without disturbing or hindering contact of incoming

‘solvent with the walls of the cavity. Also, the large

body of brine can satisfy the heat load occurring as a
consequence of dissolving potassium chloride. Hence,

- plugging of the withdrawal conduit is minimized. Fi-

13

nally, because of a large dissolving face, slow dissolving
potassium chloride. can be extracted at commercially
attractive rates. |

However, this method of cennectlng cawtles does
have its drawbacks. Difficulty is often encountered in
maintaining the insulating fluid blanket at the roof of the
cavity. Inadvertently, the fluid blanket becomes thin

- owing to a pocket or fault; the fluid blanket i1s lost

20

owing to disturbance of the blanket around the well
bore; or the fluid blanket is maintained inadequately

simply because its thickness is difficult to monitor. Con-

~ sequently, roof control is lost and the “morning glory”

25

30
Often a potassium chlonde-rleh stratum is disposed |

chloride, i.e., containing less than about 13 percent -

potassium ehlonde on the aforesaid potassium chloride-
sodium chloride basis. In order to solution mine the
potassium . chloride-rich stratum, a well is drilled

35

through 1t and into thepotassmm chloride-lean stratum

or where-potassium chloride is substantlally non-exist-
ent and where sodium chloride is comparatively high.

Water or an aqueous solution unsaturated as to sodium

chloride is introduced down the cased well bore, either
through a conduit disposed in the well or through the
 annulus between the conduit and the casing, and the
potassium chloride-lean sodium chlorlde-nch stratum 1s

- mined to create a cavity.

- In order to cause the cavity to grow. laterally, a wa-
ter—1mm1sc1b1e non-dissolving fluid such as air, nitrogen,
but preferably a liquid which has a dens:ty lower than
that of water, such as hydrocarbons, is introduced into
~ the cavity in order to establish a solvent immiscible

insulating blanket at the roof of the cavity. This causes
~ the cav:ty to grow laterally since the roof and floor (the

floor is insulated by lnsolubles and saturated brlne) 1S
- insulated.

“Two or more such cawtles are developed and lateral
‘expansion is allowed in both cavities at apprommately'

the same level to effect connection. This is usually ac-
complished by injecting solvent into the cavities at an
upper level near the top and withdrawing enriched
solution from near the bottom of the cavity while the
~ cavity roof insulating fluid is in place. This top injection

45

50.

shape cavity is developed. Once the cavity roof takes
the morning glory shape, connection becomes expen-
sive. First of all, the time value of investment in drilling
and materials is lost for the extra time necessary for
connection. Secondly, regaining of control of the roof
may require large volumes, e.g., thousands of gallons of
liquid blanket fluid, which may ultimately be metfec-

‘tive. Lastly, the lateral growth of the roof after loss of

control of one or both of two different cavities will
almost certainly occur at different levels. Hence, the
cavity at the lower level must be grown to a greater
lateral distance than necessary (taking a longer time)

before conneetlen is made.

SUMMARY OF THE INVENTION
It has been found that cavity roof- control can be

‘maintained for the purpose of cavity connection by first

creatlng at the bottom of the borehole at which the
cavity is to be developed a chimney havmg a height
from the bottom of the borehole to at least the lowest
level at which connection is to take place. This chimney
acts as a reservoir for the immiscible fluid non-solvent
blanket so that the thickness of the blanket is not inad-

“vertently reduced, since the fluid is continually supplied

from the reservoir. This is accomplished by filling the
reservoir with immiscible non-solvent fluid, introducing
solvent below the fluid level and wnhdrawmg enriched

"~ solution, thereby developing a cavity in the potassium

“chloride-lean, sodium chloride-rich stratum immedi-

~ ately below a potassium chloride-rich stratum. The fluid

55

-blanket is then raised incrementally and gradually as the

cavity expands laterally to create inverted cone shaped
cavities. At least one of the two adjacent cavities are

~ developed into the potassium chloride-rich stratum in

~effects rapid lateral growth at the top of the cavity

adjacent the bottom of the insulating fluid. Hence,
where the roof levels of both cavities are controlled at
‘approximately the same depth cavity connection is
'accomphshed | |

- This method of cavity connectlon has several advan-
- tages_ It initially develops the cavities to be connected

65

this manner while they are simultaneously developed.
Then at approximately the same depth, the cavities are

allowed to expand until connection is effected.

DESCRIPTION OF THE DRAWINGS

The invention will be better understood from the
detailed description made below with reference to the

“drawings in which:

FIG. 1 diagrammatically illustrates chimneys being

establlshed at the bottom of two adjaeent cased well

bores;
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FIG. 2 diagrammatically illustrates two subterranean
cavities being expanded laterally using chimneys:

F1G. 3 diagrammatically illustrates the two subterra-
nean cavities of FIG. 1 after connection; and

FIG. 4 diagrammatically illustrates the connected
subterranean cavities of FIG. 3 as it is ultimately mined.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with the present invention, a chlmney
1s developed at the bottom of a borehole to aid in early
connection of two or more developing cavities. Refer-
ence 1s now made to FIG. 1 where two adjacent wells
between about 60 meters and 130 meters apart are

drilled down through overburden 17 and through po-
tasstum chloride-rich stratum 16 into potassium chlo-
ride-lean sodium chloride-rich stratum 15 and to the

bottom of what 1s shown as chimneys 7 and 8. The
depth of the ultimate cavity (shown in FIG. 3) into
stratum 15 is determined by (1)the minefield brine bal-
ance in terms of how much potassium chloride-lean
brine can be tolerated and maximizing the potassium
‘chloride-rich brine produced; (2) the desn‘ablhty to
quickly develop the cavity and hence to develop in a
quickly dissolving sodium chloride stratum and (3) the
desirability to quickly produce potassmm chloride to
obtain a quick return on investment in drﬂllng and cav-

ity development costs. Hence, one skilled in the art can

determine from the above the optimum cavity depth
into stratum 15.

The well bores are cased with casing 1 and 2 to the
depth at which the top of the chimneys 7 and 8 are to be
established. Again, those skilled in the art of solution
mining can determine what this depth should be, which
determines the height of the chimney from the bottom

10
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~ of the well bore. These chimneys 7 and 8 should have a

height at least higher than the height of inverted cone
cavities 12 and 13 (FIG. 3) which have grown large
- enough to connect.

The aforementioned chimneys 7 and 8 are established
by disposing into each cased well bore at least one con-
duit 5 and 6 extending from the surface to the bottom of
the well bore. A solvent which is unsaturated with
respect to sodium chloride and potassium chloride,
preferably water, is introduced into the bottom of the
well bore through the conduit 5 and 6 and enriched
- solution is withdrawn through the annular space be-
tween the conduits and casings 1 and 2. By bottom
- Injection in this manner, the solvent rises up the walls of
the well bore to create substantially cylindrical chim-
neys 7 and 8. These chimneys are ex'.panded to a larger
diameter than the initial well bore, i.e., to about a 3
meter diameter which (1) defines a volume sufficient to
reserve enough immiscible non-solvent blanket fluid for
the purpose of the invention and (2) create a recess so
~ that solvent to be later injected near the top of the cav-
ity does not disrupt the insulating blanket immediately
around the well bore.

Reference is now made to FIG. 2 which shows addi-
tional conduits 3 and 4 disposed in the well bores and
which shows immiscible non-solvent fluid 9 in the annu-
lar space of the casings 1 and 2 to establish levels 10 and
11 within chimneys 7 and 8. Conduits 3 and 4 extend
below levels 10 and 11 respectively. These levels 10 and
11 are first established near the bottom of chimneys 7
and 8 as solvent is introduced through conduits 3 and 4
and enriched solution is withdrawn through conduits 5
and 6 to allow cavities 12 and 13 to expand laterally.

40
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Levels 10 and 11 are then incrementally raised by meth-
ods known in the art, suchas by using an additional
control conduit, to effect further lateral development at
higher levels, thereby creating inverted cone shaped
cavities 12 and 13. This is caused by relatively dilute.
and less dense solvent establishing itself on top of solu-
tion 14 and dissolving at faster rates than the saturated
solution at the bottom of cavities 12 and 13. It is pre-
ferred that during this stage water is used as a solvent
since development of cavities 12 and 13 should be made
as quickly as possible. The chimney reservoirs 7 and 8
effectively control roof development owing to the
aforestated reasons.

Reference 1s now made to FIG. 3 which shows cavi-
ties 12 and 13 having been connected at the base of their
inverted cone shapes. Preferably, this connection is
made at an elevation near the bottom of casing 1 and 2.
This connection is made by keeping the level of the
blanket 9 in both cavities at the same depth. The depths
are monitored by neutron logging techniques or other
well known methods in the art. Once connection is
made, conduit § is cut-off with a shaped charge on a line
or is otherwise raised in elevation and solvent is intro-
duced through conduits 3 and 5. Conduits 4 and 6 are
removed from casing 2 and liner 18, which extends from
the bottom of casing 2 to the bottom of cavity 13 and
which is sealed by packer 19, installed is by methods
familiar to those skilled in the art. Hence, solvent intro-
duced through conduits 3 and 5§ is withdrawn up
through liner 18 and up through casing 2 to the surface.
This gives the solvent a longer residence time and a
large contact surface area. The level of immiscible fluid
9 1s controlled through the annular space of casing 1.
Packer 19 seals casing 2 from blanket fluid 9. After
installation of liner 18, the level of fluid 9 can be incre-
mentally raised as the cavities are continually mined
upwardly until the top of chimney 7 is reached.

When the top of chimney 7 is reached by cavity solu-
tion 14, conduits 3 and § can be removed from casing 1
and solvent is introduced through casing 1 while en-
riched solution is withdrawn up through liner 18 and up
through casing 2, as shown in FIG. 4. Roof raises are
subsequently made by perforating or cutting casing 1
with a shaped charge on a line. Fluid 9 may also be
introduced through casing 1 to insure that asthe con-
nected cavity grows laterally, the blanket does not be-
come too thin and subsequently loses its lnsulatmg ef-
fect. |

‘At this point, various types of solution mining can be
conducted by methods known in the art, depending on
conditions that exist, e.g., temperature of the deposit,
surface area exposed and grade of ore exposed. Selec-
tive or non-selective mining can be conducted. Solvents
saturated or unsaturated with respect to sodium chlo-
ride can be used. Sodium chloride that was produced
from development cavity brine can be disposed into this
enlarged cavity.

By the practice of this invention, connection of two
or more cavities is made with relative ease in compari- -
son to the prior art and connection is made without
great risk of losing control of the roof of the cavity,
especially around the borehole. By the method of the
present mvention, it is possible to reduce cavity connec-
tion time by 25% or higher and to maintain cavity roof
control at the base of high grade ore prior to connec-
tion, thus providing a quick return on investment.

It is apparent that this invention may be practiced in
a variety of situations. For example, more than two
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cavities may be interconnected as hereinbefore de-

scribed. Geological consideration may make a special
‘arrangement or spacing of bore holes desirable in a
particular case. The number of inlets into a cavity need
‘not correspond to the number of outlets.

Although the present invention has been described
with reference to specific details of cértain embodi-
ments thereof, it is not intended that such details should
be regarded as limitations upon the scope of the inven-
tion, except insofar as they are lncluded in the accompa-
nying claims.

What is claimed:

1. A method of connectmg two subterranean cavztles
~1n a deposit having a potassium chloride-rich stratum
- that contains sodium chloride and which is disposed
above a potassium chloride-lean, sodium chloride- I‘lCh
stratum, which comprises the steps of:

10

15

(a) drilling adjacent boreholes mto the sodlum chlo- -

ride-rich stratum, |

(b) forming a substantially cyhndrlcal chlmney in
‘each borehole by injecting aqueous solvent unsatu-
rated with respect to sodium chloride and potas-
sium chloride into the bottom of the borehole and
withdrawing solvent enriched in potassium chlo-
ride and sodium chloride from the borehole at a

- level in the deposit that is at least the lowest level
at which connection of the cavities is to be ef-
fected, said chimney having a diameter larger than

~ the initial borehole and a volume sufficient to pre-
vent inadvertent reduction in thickness during cav-

ity development of the water-immiscible, non-sol-
vent liquid blanket established in step (c),

20

6

jacent to the bottom of the non-solvent blanket and
- forming subterranean cavities,

(e) contmumg to expand said cavities in the manner-
described in step (d) while raising the level of the
non-solvent blanket in the cavities incrementally as

- the cavities expand laterally, thereby forming in-
verted cone-shaped cavities, and

- () further expanding the cone-shaped cavities later-
ally while maintaining the non-solvent blanket in
the adjacent cavities at about the same level until
the cavities connect. | |

2. The method of claim 1 wherein more than two

‘boreholes are drilled.

3. The method of claim 1 wherein the solvent is wa-
ter. |
4. The method of claim 1 wherein the boreholes are

between 60 and 130 meters apart.

5. The method of claim 1 wherein the chimney is
about 3 meters in diameter.
6. The method of claim 1 wherein connection is

~ achieved at the base of the inverted cone—shaped cavi-

23

ties. S
7. The method of claim 1 wherein the potassium
chloride-rich stratum is disposed lmmedlately above the
potassium chloride-lean stratum.

8. The method of claim 1 wherein the chlmneys ex-

~ tend from the potassium chloride-lean stratum to the

30

- (¢) introducing water-immiscible, non-solvent liquid

having a density lower than the aqueous solvent
nto said chimneys, therby establishing a reservoir

and blanket of said non-solvent on top of the aque-_'

“ous solvent in said chimneys,

33

- (d) introducing aqueous solvent into said chimneys |

below the surface of said blanket and withdrawing

enriched solvent from near the bottom of the chim-

ney, thereby expanding the chimneys laterally ad-

45

50
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potassium chloride-rich stratum and cavity connection

is made in the potassium chloride-rich stratum.

9. The method of claim 8 wherein the potassium
chloride-rich stratum is dlsposed immediately abmre the
potassiumchloride-lean stratum.

10. The method of clalm 9 wherein the solvent is

| water.

11. The method of c]auns 9 or 10 wherein the chim-
ney is about 3 meters in diameter. |
12. The method of claims 9 or 10 whereln the bore-

holes are between 60 and 130 meters apart.

-13. The method of claim 12 wherein the chlmney is

about 3 meters in diameter.
| ok ok ok ok ok
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